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The Geothermal industry in Australia and 
Queensland is in its infancy and for hot dry rock 
(HDR) geothermal energy, it is very much in the 
target identification and resource definition 
stages. As a key effort to assist the geothermal 
industry and exploration for HDR in Queensland, 
we are developing a comprehensive and new 
integrated geochemical and geochronological 
database on igneous rocks. To date, around 
18,000 igneous rocks have been analysed across 
Queensland for chemical and/or age information. 
However, these data currently reside in a number 
of disparate datasets (e.g., Ozchron, Champion et 
al., 2007, Geological Survey of Queensland, 
journal publications, and unpublished university 
theses). The goal of this project is to collate and 
integrate these data on Queensland igneous 
rocks to improve our understanding of high heat 
producing granites in Queensland, in terms of 
their distribution (particularly in the subsurface), 
dimensions, ages, and controlling factors in their 
genesis. 
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Introduction 
The elevated crustal heat flows for significant 
parts of the Australian continent (e.g., McLaren et 
al., 2005; McLaren, 2008) reveal the potential for 
HDR. However, surface heat flow and crustal 
temperature maps (Chopra and Holgate, 2005), 
which underpin current approaches to define HDR 
resources, are poorly defined. It is widely 
acknowledged that heat flow data has limited 
spatial coverage, particularly over large regions of 
Queensland (Figure 1). Despite these lack of 
data, Queensland hosts enormous volumes of 
igneous rocks. Exposure at the surface exceeds 
175,000 km2, including a large proportion of 
granitic material, where heat flow data is 
nonexistent (Figure 1). Queensland also has 
widespread and thick sedimentary basin 
successions, providing significant potential for the 
thermal insulation of buried igneous rocks.  
On a broader scale, geologic knowledge of the 
“heat engine” associated with geothermal energy 
systems is limited and an improved understanding 
is crucial to improve our ability to locate and 
define HDR resources for engineered geothermal 
systems (EGS). A compounding problem is that 
although high concentrations of radiogenic 
elements, and therefore high heat production, is 
exclusively found in igneous rocks with high silica 
contents (>70% SiO2, Figure 2), not all high-silica 
igneous rocks are high heat producing. The 
observed extreme variation in calculated heat 
production for igneous rocks in Queensland (and 
globally), from ~0 to 25 µW/m3 (Figure 2), thus 
raises the following questions: Why are some 
granites high heat producing and others not? 
Where are HHPG located in Queensland? Why 
are they located in those areas? When and how 
were they generated? And what has caused 
anomalous enrichments in heat producing 
elements? 
Data sources 
Over the last 50 years, many conventional studies 
of granitic rocks, generally focussing on their 
general mineralogical and compositional 
characteristics, have been undertaken to 
understand source rock compositions, igneous 
processes and associations with mineralisation. A 
renewed interest and new focus on granitic rocks 
in terms of their heat generating capacity has 
resulted from the development of EGS. 
Consequently, a substantial database exists on 
the mineralogy, chemistry and age of granitic 
rocks (in Queensland), that can be reassessed 
and utilised for HHPG identification and targeting. 
The main datasets (Table 1) include: 
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 Geoscience Australia: Ozchem (Champion et 
al., 2007) and an updated whole-rock chemical 
database for igneous rocks from North 
Queensland (due for public release in 2011), 
and Ozchron that contains geochronological 
information;  
 Geological Survey of Queensland (GSQ): 
GSQ geochem and GSQ geochron and GA-
GSQ-SHRIMP, a geochronology dataset 
based on collaborative projects between 
Geoscience Australia and the GSQ. These 
datasets are not publically available and 
access was made through collaboration with 
the GSQ. 
 Published and unpublished datasets from 
several researchers  
 A New England Fold Belt Age Database 
(unpublished) compiled by Associate 
Professor Rod Holcombe and co-workers from 
the University of Queensland  
 A dataset of University of Queensland theses 
currently being compiled by Dr. Maria Mostert 
(School of Earth Sciences, UQ). 
 New data generated by PhD projects currently 
underway within the QGECE.  
Data type 
The compiled dataset comprises two types of 
data: original data created by the collector or 
analyser and new data generated by the compiler 
from the original data. The generated data are 
significant and provide more relevant information 
for HHPG exploration (e.g. calculated heat 
production capacity).  
Original data 
The original data comprise 4 main groups of 
information: 
 Sample description - Sample number(s), 
geological province, unit name, lithology, data 
source  
 Location information - Coordinates, system, 
site description 
 Chemistry (85 columns) - Major and trace 
elements, methods, laboratory 
 Age information - radiometric, stratigraphic, 
methods, laboratory 
Generated data 
In the new database, major element geochemical 
data are normalised to 100% on an anhydrous 
basis.  Additionally, several reference columns 
are added and all data are assigned an igneous 
event association number (Table 2). The igneous 
event association number relates igneous units to 
the main igneous events in Queensland 
(focussing on the Phanerozoic), which can then 
be related to tectonic setting. This igneous event 
association attribute is crucial to visualize and 
understand the different episodes of granite 
generation in Queensland. Heat production for all 
 
Figure 1. Interpreted temperature map at 5 km depth in Australia. Insert map shows locations of boreholes from which 
temperature measurements were made (from Geoscience Australia). Data points on main map are locations of whole-rock 
chemical data for igneous rocks in the compiled database for Queensland. 
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igneous rocks is also calculated using the 
equation of Rybach (1988) and will supplement 
measurements of heat conduction on a subset of 
granitic rocks. Additional calculations to provide 
source and process-related information on the 
igneous rocks are also included in the new 
database (e.g., ASI, Fe number, Zr saturation 
temperature to distinguish “hot” and “cold” 
granites, Miller et al., 2003; Watson et al., 2006). 
Following database compilation and new data 
generation, a GIS study combining igneous event 
associations and heat production values of 
igneous rocks will be investigated to constrain the 
location, timing and setting of HHPG in 
Queensland. 
Database issues encountered 
A critical first-step has been to merge the different 
datasets (Table 1) into one single coherent 
database. Data integrity and consistency have 
been identified in this study as major issues; 
datasets commonly have vastly different contents 
and layouts (i.e. headers, unit of measurements, 
typography, etc), as well as some duplication. In 
this study, significant errors in the location 
information were revealed in the major national 
dataset: Ozchem (Champion et al., 2007). The 
locations are now corrected in Ozchem, Ozchron 
Table 1: Major geochemical and geochronological datasets compiled in this study 
Source  Number of igneous data  Location/Comments  
Ozchem ~7250 Queensland  
GSQchem  ~8400 Queensland  
North Queensland ~1780 Queensland  
Dr. Bruce Chappell ~1270 New England Orogen (South QLD and North NSW) 
Dr. Bruce Chappell 12 South-West QLD 
GA-GSQ-Chem ~50 Queensland 
Ozchron ~100 Queensland  
GSQchron  ~1000 Queensland  
GA-GSQ-SHRIMP ~50 Queensland  
Compiled dataset; Dr. 
Rod Holcombe 
~560 East Queensland  
Dr. Scott Bryan ~350 Whitsunday Islands, Campwyns and Yarrol 
Dr. Charlotte Allen ~60 Bowen area 
Prof. David Gust  ~1000  Queensland  
Compiled dataset;   
Dr. Maria Mostert ~2000 Queensland  
Total  ~23880  Includes many duplicates  
Compiled dataset  ~18000 Estimated <100 duplicates remain 
Table 2. Summary of the main igneous events in Queensland that form the basis for grouping data in the compiled database 
and identifying tectonic associations 
Igneous 
Event 
Time Period (age range) General Composition Province Example 
0 Proterozoic (>600 Ma) Mafic to silicic Mount Isa, Etheridge, Croydon 
1 Neoproterozoic (~600-540 Ma) Basaltic oceanic crust Marlborough (central Queensland) 
2 Cambrian-Ordovician (540-450 Ma) ?Mafic to silicic North and western QLD 
3 Silurian-Early Devonian (450-400 Ma) Mafic to silicic Lolworth Block, North QLD (Pama province), 
western QLD 
4 Middle Devonian (400-380 Ma) Silicic Yarrol, Mt Morgan, Thompson/Drummond 
5 early Late Devonian (380-365 Ma) Mafic Yarrol-Campwyn, Drummond 
6 Late Devonian-Early Carboniferous 
(365-340 Ma) 
Silicic Yarrol-Campwyn, Drummond, North 
Queensland, Roma Shelf 
7 Permo-Carboniferous (330-270 Ma) Silicic to bimodal in Early 
Permian 
Eastern Queensland (Kennedy-Connors-
Auburn) 
8 Permo-Triassic (260-230 Ma) Mafic-intermediate Eastern Queensland 
9 Late Triassic (230-210 Ma) Silicic to bimodal Eastern Queensland 
10 Jurassic (200-140 Ma) Bimodal (rare) Offshore and Eastern Queensland 
11 Early Cretaceous (135-95 Ma) Silicic to bimodal Eastern Queensland (Whitsunday) 
12 Late Cretaceous-Tertiary (80-0 Ma) Mafic alkaline intraplate 
(weakly bimodal) 
Eastern Queensland 
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and the compiled dataset. Further errors were 
encountered in chemical data (e.g., incorrect Hf 
and Ta values and missing trace elements in the 
GSQ whole-rock chemical dataset). The 
compilation task, which was initially considered 
straightforward, has benefited from the duplication 
of data in different datasets to identify and correct 
errors. Collaboration with Geoscience Australia 
and the Geological Survey of Queensland has 
greatly assisted this correction effort.  
Data quality 
As the compiled dataset includes a large number 
of analysis (~18 000), it is expected that some 
data will contain errors and/or be of poor quality 
(e.g., altered samples, poor analytical precision, 
limited element analysis). These data will be 
flagged and retained in the compiled dataset. It is 
important to ensure integrity of the database and 
allow the different datasets to be meaningfully 
combined and compared. Steps to assess data 
quality include: 
 Identification of anomalous chemistry (e.g., 
SiO2 values <40 wt% or >80 wt%; high Loss of 
ignition - LOI) via chemical plots. Sample 
description information can then be re-
examined for anomalous data to assess 
degree of alteration or analytical issues.  
Samples without location coordinates have 
been removed from the compiled database. 
 Location errors have been checked and 
corrected mostly through re-examination of the 
original data sources comparing duplicated 
data and visualisation using ArcGIS and other 
software (e.g., Google Earth). 
 Collating information on the material dated 
(e.g., mineral, whole-rock) and technique (e.g., 
K/Ar, U/Pb, Ar/Ar) used to obtain radiometric 
age information so that potential resetting of 
emplacement ages can be assessed – this is a 
particular problem for eastern Queensland for 
example, where Cretaceous heating has 
resulted in the partial to complete resetting of 
the K/Ar system, yielding spurious ages (e.g., 
Allen et al., 1998). 
Once the compiled dataset has been completed, 
the goal is to then interrogate it using GIS 
techniques (e.g., ArcGIS software) to examine 
spatial-temporal relationships of HHPG and 
granitic magmatism in QLD. 
Discussion 
High heat producing granites (i.e. granites with a 
heat production value greater than 5 μW/m3, 
Blevin, 2009; Hutton et al. 2010), will be an 
important contributor to producing the high 
thermal gradients required to make EGS viable. It 
Figure 2: Heat production values versus SiO2 content (anhydrous) for igneous rocks in Queensland. The inset graph illustrates 
the 6,921 Mesozoic to Cenozoic igneous rock data from western North America, extracted from the NAVDAT database 
(publically available online). The main graph displays 10,126 igneous rock data from the compiled database. The red line at a 
heat production value of 5 μW/m3 is used to distinguish Low (below) and High Heat Producing Granites (above). The circled 
region shows the large spectrum of heat production values for igneous rocks with silica contents between ~73-78 wt %.  
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is widely recognised that these values 
characterise the high silica igneous rocks or 
granites (Blevin, 2009; Hutton et al., 2010; Huston 
et al., 2010). This is confirmed by an assessment 
of igneous rock compositions from Queensland 
compiled in the new dataset (Figure 2) that 
illustrates igneous rocks with high heat production 
values have silica (SiO2) contents >70 wt% 
(Figure 2). Interestingly, in comparison, the North 
American Volcanic and Intrusive Rock database 
(NAVDAT) shows a similar trend (Figure 2) 
suggesting that this is likely a global pattern. 
Granites and HHPG in Queensland are therefore 
representative of other continental regions around 
the world and understanding their formation can 
have global applications to understanding the 
origin of HHPG.  
A second significant feature of Figure 2 is that an 
extreme variation in heat producing capacity from 
~0 to 25 μW/m3 exists for the granitic rocks (SiO2 
>70 wt%) in Queensland. Consequently, a large 
percentage of granitic rocks are not HHPG. Only 
~20% and ~5% of granitic rocks in Queensland 
have calculated heat production values greater 
than 5 μW/m3 and 8 μW/m3, respectively.  
The compiled dataset has also allowed 
identification of some elevated heat producing 
granite suites. Figure 2 demonstrates at least one 
heat-producing element enriched granite suite 
with a peak at ~77 wt% SiO2. This suite shows 
relatively higher U enrichment over Th, and ASI 
values of 1-1.1 implying a significant contribution 
from highly fractionated I-type granitic rocks, often 
with an A-type chemistry (e.g., O’Briens Creek). 
Highly enriched S-type granitic rocks from North 
Queensland also contribute to this range of high 
heat production values. A less distinct suite at 64-
69 wt% SiO2 with heat production values of 5 to 
<10 μW/m3, moderate Th enrichment and no U 
enrichment corresponds to low-volume, 
fractionated, alkaline (A-type) Tertiary igneous 
rocks.  
Further interrogation of the compiled dataset 
reveals that most HHPG in the database occur in 
the Mount Isa, Georgetown Inlier and Texas-
Stanthorpe provinces. The Proterozoic HHPG 
from Mount Isa are characterised by high Th/U 
ratio (>5) whereas other suites (e.g., Permo-
Carboniferous HHPG S-type of the Georgetown 
Inlier) have lower Th/U ratios (<1). HHPG in the 
Georgetown Inlier can be subdivided into two 
groups, the Proterozoic S-type HHPG from the 
Etheridge/Croydon provinces and the Permo-
Carboniferous I- and S-types HHPG from the 
Kennedy province. HHPG from the Texas area 
are Permo-Triassic I-type and are mostly 
represented by the Stanthorpe Supersuite. 
Further studies will be undertaken in the next year 
to better understand the causes of HPE 
enrichment, as well as assessing the location, 
age, chemistry, tectonic setting and relationships 
of other potential but less well-studied HHPG 
suites (especially in the subsurface in SW QLD), 
in order to characterize their spatial-temporal 
distribution. The interrogation of the compiled 
database through graphs, calculations, and GIS 
will allow the characterisation of the granite suites 
existing in Queensland and in particular, the 
granite suites that are characterized by high U, Th 
and K2O and thus high heat production and 
potential for EGS.  
Additionally, new data on South-West QLD 
granites, that are co-incident with a major crustal 
heat flow anomaly (Fig. 1), indicate only moderate 
enrichments of U and Th and consequently, 
moderate heat production (~2-4 μW/m3) values. 
These data suggest that thick and highly efficient 
thermal blanketing by sedimentary cover may be 
as or more important in generating the elevated 
temperatures in the subsurface for exploitation by 
EGS.  
Conclusions 
A new compilation dataset of igneous rocks in 
QLD is a crucial tool in exploring HDR geothermal 
resources. Its interrogation using GIS techniques 
will provide insight into the distribution, age and 
chemistry of HHPG in QLD. Globally, HHPG are 
characterised by high silica contents (70-85 wt%). 
Existing data indicate significant areas of HHPG 
in the Mount Isa, Georgetown Inlier and Texas-
Stanthorpe regions. Some HHPG are indicated for 
the Cambrian-Silurian, Cretaceous and Cenozoic 
periods and further studies are required to assess 
their potential for EGS. The presence of moderate 
heat producing granites in South-West QLD 
associated with a thick sedimentary cover 
indicates that the elevated subsurface crustal 
temperatures in this region may owe its origin 
more to highly efficient thermal insulation rather 
than significant volumes of buried HHPG. 
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